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The Commissioner of Patents and Trademarks 
Washington, D.C. 20231 



FIRST PRELIMINARY AMENDMENT 



Dear Sir: 



By way of preliminary amendment, please amend the above identified application as set 
forth below. 

In the Specification: 

Please cancel paragraphs 2, 3, 4, 8, 10, 15, 16, 17 and 18 of the specification, in their 
entirety, in favor of a clean form of paragraphs 2, 3, 4, 8, 15, 16, 17 and 18 of the specification, 
without any markings thereon, as follows. Accompanying this response is a copy of the original 
paragraphs of the specification which show the additions (by underlining and bold) and the 
deletions (by strikeout) to the canceled specification paragraphs. Please enterthe replacement 
specification paragraphs into the record of this case. 

In the Claims: 

Please cancel claims 1-1 1 , without prejudice or disclaimer of the subject matter therein, 
in favor of new claims 12-22 as follows. 



[022] FIELD OF THE INVENTION 

[003] The invention relates to a planetary gear for mounting on an electromotor. 

[004] BACKGROUND OF THE INVENTION 



[008] SUMMARY OF THE INVENTION 



[015] BRIEF DESCRIPTION OF THE DRAWING 

[016] The invention will now be described, by way of example, with reference 

to the accompanying drawings in which: 
[01 7] Fig. 1 shows a longitudinal section through a planetary gear according to 

the invention. 



[018] 



DETAILED DESCRIPTION OF THE INVENTION 



12. (NEW) A planetary gear for mounting on an electromotor, having planetary 
gear wheels (10) fitted in a rotating planetary carrier (8) that forms an output and which 
are in simultaneous gear-tooth engagement with a sun gear (12) and an annular gear 
(14) positioned in a housing (2), such that the sun gear (12) is connected to a rotating 
sun gear shaft (4), which is hollow in a receiving area (1 6) to receive an output shaft of 
an electromotor, a sealing element (22) being provided between the sun gear shaft (4) 
and the housing (2), wherein the sealing element (22) is located axially outside the 
receiving area (16) for the output shaft of the electromotor, in an axial section of the sun 
gear shaft (4) with a reduced outer diameter compared to the receiving area (16). 

13. (NEW) The planetary gear according to claim 12, wherein there is at least 
m one bearing (28) for the sun gear shaft (4), whose inner ring is located axially outside 

the receiving area (16) for the output shaft of the electromotor on an axial section of the 
'•4 sun gear shaft (4) with a reduced outer diameter compared to the receiving area (1 6). 
i|j 1 4. (NEW) The planetary gear according to claim 1 3, wherein the outer bearing 

:^ ring of the bearing (28) for the sun gear shaft (4) is positioned in the planetary 
■i carrier (8). 

[il 15. (NEW) The planetary gear according to claim 13, wherein the bearing (28) 

for the sun gear shaft (4) is located radially inside an inner ring of a planetary carrier 
bearing (30) and axially at least partly within the space occupied by the planetary carrier 
bearing (30). 

16. (NEW) The planetary gear according to claim 15, wherein the planetary 
carrier (8) has through bores (34, 36) on either side of each planetary gear wheel (10) 
to accommodate a planetary bearing pin (38) on which the planetary gear wheel (10) 
is mounted for rotation and an end face of the planetary bearing pin (38) abuts against 
inner bearing rings of planetary carrier bearings (30, 32), whereby the planetary bearing 
pin (38) is secured against axial displacement. 

17. (NEW) The planetary gear according to claim 14, wherein an annular 
groove (48) is provided in the planetary earner (8) to receive a circlip (46), which is 
axially adjacent to a functional surface (47) that receives the outer bearing ring of the 
bearing (28) for the sun gear shaft, and the outer bearing ring is secured against axial 
displacement in one direction by the circlip (46). 
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18. (NEW) The planetary gear according to claim 17, wherein the sun gear 
shaft (4) is mounted so that it can be axially displaced against the restoring force action 
of an elastic compensating element (56). 

19. (NEW) The planetary gear according to claim 18, wherein the axial 
compensating element is positioned axially between a face of the outer bearing ring 
opposite the circlip (46) and a functional surface (54) of the planetary carrier (8). 

20. (NEW) The planetary gear according to claim 19, wherein the elastic 
compensating element is an O-ring (56). 

21. (NEW) The planetary gear according to claim 13, wherein the sun gear 
shaft (4) is fitted so that it cannot move axially relative to the housing (2) and a spring- 
disc coupling Is arranged between the sun gear shaft (4) and the output shaft of the 
electromotor to compensate for axial displacements. 

22. (NEW) The planetary gear according to claim 12, wherein the diameter of 
the functional surface (26) of the sun gear shaft (4) associated with the sealing 
element (22) is smaller than the diameter of the bore (18) in the receiving area (16) of 
the sun gear shaft (4). 
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REMARKS 

Accompanying this response, please find marked-up paragraplis of the specification 
which overcome some informalities noted in the specification. The undersigned avers that the 
enclosed replacement paragraphs of the specification do not contain any new matter. 

Please consider new claims 12-22 upon consideration of this application. 

In the event that there are any fee deficiencies or additional fees are payable, please 
charge the same or credit any overpayment to our Deposit Account (Account No. 04-0213). 

Respectfully submitted^ 

Anthony (EdVI. Davis, Reg. No. 27,868 
Customer No. 020210 

Davis & Bujold, P.L.L.C. 
Fourth Floor 

500 North Commercial Street 
Manchester NH 03101-1 151 
Telephone 603-624-9220 
Facsimile 603-624-9229 
E-mail: patent@davisandbuiold.com 



10/08973^ 

JC13Rec'dPCT/PT0 0 3 APR 2002 

[001] PLANETARY GEAR FOR MOUNTING ON AN ELECTROMOTOR 

[002] FIELD OF THE INVENTION 

[003] The invention relates to a planetary gear for mounting on an electromotorT 

according to the pre-characterising portion of the principal claim . 



[004] BACKGROUND OF THE INVENTION 

[005] Such planetary gears are used for many purposes in automation technology 

and plant and machinery in general. With such a planetary gear, in which a sun 
gear can be driven by an output shaft of the electromotor, an annular gear is 
positioned in the housing and a planetary carrier forms the output, various 
transmission ratios, typically in the range 4: 1 to 1 0: 1 , can be produced by varying 

^ the geometry of the sun gear and planetary gear wheels and of the planetary 

A' carrier. 

, J [006] Owing to the high power density involved, even small internal power losses 

J can give rise to undesired high temperatures. Because of the compactness of the 
structure, the heat generated by these losses often cannot be dissipated to the 
J desired extent. High temperatures affect service life adversely. A large part of the 

^ power loss is attributable to the seals and bearings of the rapidly rotating sun gear 

'^^^ shaft on the input side. 

[007] A gear of this type is disclosed for example in DE 198 08 184 C1. To 

receive an output shaft of the electromotor, the sun gear shaft of this known 
planetary gear is made hollow in a receiving area of enlarged diameter. The sun 
gear shaft Is sealed with respect to the housing by a radial sealing ring. 



[008] SUMMARY OF THE INVENTION 

[009] The purpose of the present invention is to develop further a planetary gear 

of the type described so as to minimise the power loss. Furthermore, the planetary 
gear should be of compact structure and economical to manufacture. 

[010] The inv e ntion's object i ves are ach i eved by a planeta i y gear of the said type 

incorporat i ng a l so the features of the characterising portion of th e principal cla i m. 

[01 1] Thus, In accordance with the invention the sealing element that seals the 

sun gear shaft on the outside with respect to the housing is arranged axially 
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f8465 Other advantageous features of the invention are explained 

10151 BRIEF DESCRIPTION OF THE DRAWING ^ 

IQ161 The invention will now be described, bv way of example, with reference 

to the attached drawing, accompanyinq drawings in whichi 
F0171 Fig. 1 shows a longitudinal section through a planetary gear according to =sa 

the invention. 

[017] 



[018] DETAILED DESCRIPTION OF THE INVENTION 

[01 9] In the single figure attached, the housing is indexed as 2, the sun gear shaft 

r on the Input side as 4 and the output shaft of a planetary gear according to the 

invention as 6. The output shaft 6 rotates with a planetary carrier 8, on which 
several uniformly distributed planetary gear wheels 10 are mounted and able to 
rotate. The planetary gear wheels 1 0 are in simultaneous gear-tooth engagement 
I: with a central sun gear 12 that can be driven by the sun gear shaft 4 and with an 

annular gear 14 fixed in the housing 2. 
[020] To receive an output shaft (not shown) of an electromotor, the sun gear 

■'^^ shaft 4 has a hollow receiving area 16 that extends axially over the length of a 

cylindrical bore 18 In the sun gear shaft 4. The inside space of the housing 2 is 
filled with lubricant and sealed with respect to the outside by two sealing elements 
formed as radial sealing rings 20, 22. The radial sealing rings are fixed in the 
housing 2 and are associated with cylindrical functional surfaces 24, 26 of the 
output shaft and the sun gear shaft respectively. Sliding friction takes place 
between the radial sealing rings and the said functional surfaces. 
[021] According to the invention, the radial sealing ring 22 arranged between the 

housing 2 and the sun gear shaft 4 is positioned outside the receiving area 1 6 for 
the output shaft of the electromotor in an axial section of the sun gear shaft whose 
outer diameter is smaller compared with that of the receiving area. Only very small 
frictional losses occur on the functional surface 26, whose diameter is smaller than 
the diameter of the bore 1 8, so that higher efficiency is attained and problems due 



to high temperatures are avoided. Between the receiving area 1 6 and the location 
of the radial sealing ring 22 the sun gear shaft has a diameter step 23. 

[022] The inner ring of the bearing 28 for the sun gear shaft 4 is also arranged 

outside the receiving area 1 6 for the output shaft of the electromotor In an area with 
reduced outer diameter, so that a bearing of smaller size can be used. 

[023] The diameter of the bearing holder on the sun gear shaft is also smaller than 

the diameter of the bore 18. 

[024] The outer bearing ring of the bearing 28 is located in the planetary carrier 8, 

radially inside the inner ring of a planetary carrier bearing 30. The bearing 28 is 
positioned axially within the structural space occupied by the planetary carrier 
bearing 30, and this makes it possible for the axial length of the planetary gear to 
be short. For the planetary carrier 8 a second bearing 32 is provided which, like 
the bearing 30, is in the form of a conical-roller bearing and which forms an X 
arrangement together with the latter. 

[025] In the axial space between the conical-roller bearings 30, 32 the planetary 

carrier 8 has on the two sides of each planetary gear wheel 10 bores 34, 36 that 
extend through the carrier. These bores 34, 36 each accommodate a planetary 
bearing pin 38, on which the planetary gear wheel 10 is mounted by means of 
cylindrical rollers 40 and can rotate. The end surface of the planetary bearing 
pin 4938 abuts against the inner ring of the planetary carrier bearing 32, 34, so that 
it is advantageously secured against axial displacement without further measures. 
On each side of each planetary gear wheel 10 thrust washers in the form of 
annular discs are arranged on the planetary bearing pin 38, and these restrict the 
axial movement of the planetary gear 10. 

[026] The bearing 28 for the sun gear shaft 4 is secured in the planetary carrier 8 

against axial displacement in one direction by a circlip 46. To fit the bearing 28, the 
circlip 46 can be pressed completely into an annular groove 48 in the planetary 
carrier, which is axially adjacent to the functional surface 47 that receives the outer 
ring of the bearing. As soon as the outer ring of the bearing 28 has been pushed 
past the area of the annular groove 48 during assembly, the circlip 46 snaps 
together and so secures the outer ring of the bearing against axial displacement. 
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[001] PLANETARY GEAR FOR MOUNTING ON AN ELECTROMOTOR 

[002] 

[003] The invention relates to a planetary gear for mounting on an electromotor, 

according to the pre-characterising portion of the principal claim. 



[004] 

[005] Such planetary gears are used for many purposes in automation technology 

and plant and machinery in general. With such a planetary gear, in which a sun 
gear can be driven by an output shaft of the electromotor, an annular gear is 
positioned in the housing and a planetary carrier forms the output, various 
transmission ratios, typically in the range 4:1 to 10:1 , can be produced by varying 
jjj the geometry of the sun gear and planetary gear wheels and of the planetary 

carrier. 

5 [006] Owing to the high power density involved, even small internal power losses 

j^'j can give rise to undesired high temperatures. Because of the compactness of the 

;^ structure, the heat generated by these losses often cannot be dissipated to the 

j: desired extent. High temperatures affect service life adversely. A large part of the 

j'^j power loss is attributable to the seals and bearings of the rapidly rotating sun gear 

9 shaft on the input side. 

[007] A gear of this type is disclosed for example in DE 198 08 184 01. To 

receive an output shaft of the electromotor, the sun gear shaft of this known 
planetary gear is made hollow in a receiving area of enlarged diameter. The sun 
gear shaft is sealed with respect to the housing by a radial sealing ring. 



[008] 

[009] The purpose of the present invention is to develop further a planetary gear 

of the type described so as to minimise the power loss. Furthermore, the planetary 
gear should be of compact structure and economical to manufacture. 

[010] The invention's objectives are achieved by a planetary gear of the said type 

incorporating also the features of the characterising portion of the principal claim. 

[01 1] Thus, in accordance with the invention the sealing element that seals the 

sun gear shaft on the outside with respect to the housing is arranged axially 



outside the receiving area for the output shaft of the electromotor In an axial 
section of the sun gear shaft with a reduced outer diameter compared with the 
receiving area. As a result of the smaller outer diameter, considerably less heat 
is generated by power loss between the rapidly rotating sun gear shaft and the 
sealing element. In addition, seal wear and seal leakage are reduced and the cost 
of the sealing element is lower. 

[012] In an advantageous embodiment of the invention a bearing is provided for 

the sun gear shaft, whose inner ring is arranged axially outside the receiving area 
for the output shaft of the electromotor, on an axial section of the sun gear shaft 
with a reduced outer diameter compared to the receiving area. Compared with a 
bearing an-anged in the receiving area of the sun gear shaft or directly adjacent 
thereto, such a bearing can be made of a size commensurate with the load 
occun-ing and does not need to be made oversize. The smaller size of the bearing 
results in less power loss and is both more economical and lighter. Naturally, 
instead of two separate components for the sealing element and the bearing, a 
bearing with an integrated sealing element can also be used. 

[013] In a further advantageous embodiment of the invention the outer bearing 

ring of the sun gear shaft bearing is not positioned in the housing, but in the 
planetary carrier. Since the planetary can-ier rotates in the same direction as the 
sun gear wheel, the relative rotation speed between the sun gear shaft and the 
planetary carrier is lower than the relative rotation speed between the sun gear 
shaft and the housing. This results in further reduction of the power loss, with 
further improvement in the gear efficiency. 

[014] Advantages in relation to compact size can be achieved by arranging the 

bearing for the sun gear shaft radially inside an inner ring of a planetary carrier 
bearing and axially at least partly within the structural space occupied by the 
planetary can-ler bearing. 
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[015] 

[016] Other advantageous features of the invention are explained with reference 

to the attached drawing, which shows a longitudinal section through a planetary 
gear according to the invention. 

[017] 

[018] 

[01 9] in the single figure attached, the housing is indexed as 2, the sun gear shaft 

on the input side as 4 and the output shaft of a planetary gear according to the 
invention as 6. The output shaft 6 rotates with a planetary carrier 8, on which 
Q several uniformly distributed planetary gear wheels 10 are mounted and able to 

rotate. The planetary gear wheels 1 0 are in simultaneous gear-tooth engagement 
with a central sun gear 12 that can be driven by the sun gear shaft 4 and with an 

'>4 

Uj annular gear 14 fixed in the housing 2. 

■y 

f [020] To receive an output shaft (not shown) of an electromotor, the sun gear 

J shaft 4 has a hollow receiving area 16 that extends axially over the length of a 

s'3 cylindrical bore 18 in the sun gear shaft 4. The inside space of the housing 2 is 

Jtj filled with lubricant and sealed with respect to the outside by two sealing elements 

formed as radial sealing rings 20, 22. The radial sealing rings are fixed in the 
housing 2 and are associated with cylindrical functional surfaces 24, 26 of the 
output shaft and the sun gear shaft respectively. Sliding friction takes place 
between the radial sealing rings and the said functional surfaces. 
[021] According to the invention, the radial sealing ring 22 arranged between the 

housing 2 and the sun gear shaft 4 is positioned outside the receiving area 16 for 
the output shaft of the electromotor in an axial section of the sun gear shaft whose 
outer diameter is smaller compared with that of the receiving area. Only very small 
frictional losses occur on the functional surface 26, whose diameter is smaller than 
the diameter of the bore 1 8, so that higher efficiency is attained and problems due 
to high temperatures are avoided. Between the receiving area 1 6 and the location 
of the radial sealing ring 22 the sun gear shaft has a diameter step 23. 



[022] The inner ring of tlie bearing 28 for the sun gear shaft 4 Is also arranged 

outside the receiving area 1 6 for the output shaft of the electromotor in an area with 
reduced outer diameter, so that a bearing of smaller size can be used. 
[023] The diameter of the bearing holder on the sun gear shaft is also smaller than 

the diameter of the bore 18. 
[024] The outer bearing ring of the bearing 28 is located in the planetary carrier 8, 

radially inside the inner ring of a planetary carrier bearing 30. The bearing 28 is 
positioned axially within the structural space occupied by the planetary carrier 
bearing 30, and this makes it possible for the axial length of the planetary gear to 
^ be short. For the planetary carrier 8 a second bearing 32 is provided which, like 

3 the bearing 30, is in the form of a conical-roller bearing and which forms an X 

3 arrangement together with the latter. 

Jj [025] In the axial space between the conical-roller bearings 30, 32 the planetary 

carrier 8 has on the two sides of each planetary gear wheel 10 bores 34, 36 that 
extend through the carrier. These bores 34, 36 each accommodate a planetary 
g bearing pin 38, on which the planetary gear wheel 10 is mounted by means of 

$ cylindrical rollers 40 and can rotate. The end surface of the planetary bearing 

3 pin 40 abuts against the inner ring of the planetary carrier bearing 32, 34, so that 

It 

it is advantageously secured against axial displacement without further measures. 
On each side of each planetary gear wheel 10 thrust washers in the form of 
annular discs are arranged on the planetary bearing pin 38, and these restrict the 
axial movement of the planetary gear 10. 
[026] The bearing 28 for the sun gear shaft 4 is secured in the planetary carrier 8 

against axial displacement in one direction by a circlip 46. To fit the bearing 28, the 
circlip 46 can be pressed completely into an annular groove 48 in the planetary 
carrier, which is axially adjacent to the functional surface 47 that receives the outer 
ring of the bearing. As soon as the outer ring of the bearing 28 has been pushed 
past the area of the annular groove 48 during assembly, the circlip 46 snaps 
together and so secures the outer ring of the bearing against axial displacement. 
The inner bearing ring of the bearing 28 is located axially on the sun gear shaft 4 
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in a position limited by a securing ring 50 and by a diameter step 52 in tfie sun gear 
shaft 4. 

[027] Between the face of the outer bearing ring of the bearing 28 opposite the 

circllp 46 and an annular disc-shaped functional surface 54 of the planetary 
carrier 8 is positioned a rubber O-ring 56, which serves as an elastic compensating 
element. Thus, the sun gear shaft 4 can undergo slight axial displacement relative 
to the planetary carrier 8 and the housing 2 against the restoring force action of the 
O-ring 56. In this way length expansions of the sun gear shaft 4 and/or the output 
shaft of the electromotor resulting from temperature changes can be compensated. 
As an alternative, the sun gear shaft can be fitted so that it cannot move axially 

g relative to the housing and a spring disc coupling, such as that shown in the 

W document DE 199 51 613 not published earlier, can be positioned between the sun 

4 gear shaft 4 and the output shaft of the electromotor. 
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Claims 



1 . Planetary gear for mounting on an electromotor with planetary gear 
wheels (10) fitted in a rotating planetary carrier (8) that forms the output and which 
are in simultaneous gear-tooth engagement with a sun gear (12) and an annular 
gear (14) positioned in a housing (2), such that the sun gear (12) is connected to 
a rotating sun gear shaft (4), which is made hollow in a receiving area (16) to 
receive an output shaft of the electromotor, a sealing element (22) being provided 
between the sun gear shaft (4) and the housing (2), characterized in that the 
sealing element (22) is located axially outside the receiving area (1 6) for the output 
shaft of the electromotor, in an axial section of the sun gear shaft (4) with a 
reduced outer diameter compared to the receiving area (16). 

2. Planetary gear according to Claim 1 , characterized in that there is at 
least one bearing (28) for the sun gear shaft (4), whose Inner ring is located axially 
outside the receiving area (1 6) for the output shaft of the electromotor on an axial 
section of the sun gear shaft (4) with a reduced outer diameter compared to the 
receiving area (16). 

3. Planetary gear according to Claim 2, characterized in that the outer 
bearing ring of the bearing (28) for the sun gear shaft (4) is positioned in the 
planetary carrier (8). 

4. Planetary gear according to either of Claims 2 or 3, characterized in that 
the bearing (28) for the sun gear shaft (4) is located radially inside an inner ring of 
a planetary carrier bearing (30) and axially at least partly within the space occupied 
by the planetary carrier bearing (30). 

5. Planetary gear according to any of the preceding claims, characterized 
in that the planetary carrier (8) has through-going bores (34, 36) on either side of 
each planetary gear wheel (10) to accommodate a planetary bearing pin (38) on 
which the planetary gearwheel (10) is mounted to rotate, and the planetary bearing 
pin (38) abuts with its end face against inner bearing rings of planetary carrier 
bearings (30, 32), so that the planetary bearing pin (38) is secured against axial 
displacement. 
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6. Planetary gear according to any of Claims 3 to 5, characterized in that 
an annular groove (48) is provided in the planetary carrier (8) to receive a circlip 
(46), which is axially adjacent to a functional surface (47) that receives the outer 
bearing ring of the bearing (28) for the sun gear shaft, and the outer bearing ring 
is secured against axial displacement in one direction by the circlip (46). 

7. Planetary gear according to any of Claims 2 to 6, characterized in that 
the sun gear shaft (4) is mounted so that it can be axially displaced against the 
restoring force action of an elastic compensating element (56). 

8. Planetary gear according to Claim 7, characterized In that the axial 
compensating element is positioned axially between a face of the outer bearing 
ring opposite the circlip (46) and a functional surface (54) of the planetary 
carrier (8). 

9. Planetary gear according to Claim 8, characterized in that the elastic 
compensating element is an 0-ring (56). 

10. Planetary gear according to any of Claims 2 to 6, characterized in that 
the sun gear shaft (4) is fitted so that it cannot move axially relative to the 
housing (2) and a spring-disc coupling is arranged between the sun gear shaft (4) 
and the output shaft of the electromotor to compensate axial displacements. 

1 1 . Planetary gear according to any of the preceding claims, characterized 
in that the diameter of the functional surface (26) of the sun gear shaft (4) 
associated with the sealing element (22) is smaller than the diameter of the 
bore (18) in the receiving area (16) of the sun gear shaft (4). 
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